Authors' response to commentaries
We are grateful to Waterlow, Allen, Martorell, Bhargava, Steckel, and Weisell et al. for their thoughtful comments on our examination of dietary influence on adult height and weight. We were careful to spell out the many limitations of our analysis, and we are pleased to see that expressly recognized by most of the discussants. This reply concentrates on just four issues: the choice of the dependent variables; the quality of the dietary data; the interpretation of our finding that protein intake appears to have more impact than energy intake, particularly on height; and the importance of these questions for research and policy.
It was not our intention to analyze stunting as such, but rather the entire distribution of adult heights; there is no separation between "stunted" and "normal" and no attempt specifically to explain the former. We used the largest available collection of data on adult heights for international comparisons, and although it is true, as Martorell says, that there has been a second edition of Eveleth and Tanner's study, it does not add any information that could have been incorporated in our analysis while maintaining comparability. We recognize that the crucial period for linear growth ends before the ages at which adult heights were measured, but we do not regard our dependent variable simply as "a measure of child growth failure" (Martorell). As Waterlow notes, "shortness in adults has been neglected," and whatever happens between the age of five and early adulthood can only introduce some noise into such relations as exist between childhood diet (and other factors) and growth. Since noise would bias our coefficients toward zero, "it is even more impressive," as Allen notes, that we find statistically significant effects.
If adult height is not perfectly correlated with height at age five, it is partly because of catch-up growth, as Waterlow notes. Such growth might "not necessarily reverse the effects of early childhood stunting on cognitive failure," but "would probably reduce obstetric risk" [1, p. 19] . Given that "difficult labor due to a small pelvis is rare in tall women, and comparatively common in short women" and that "obstructed labor and its sequelae are the most important causes of maternal death in tropical Africa" [2, p. 79], anything that affects women's adult heights has important health effects. For both sexes, greater height is associated with greater longevity and better adult health [3] . The apparent effect of protein share on height is weaker for women than for men in all our analyses, but in both of the Chinese samples it is still significant. We note that if men eat more of the available protein than women do, as is likely in many cultures, that alone might explain why we find larger effects on male than on female height and solve the "puzzle why protein is nonsignificant for women in the international comparisons" (Steckel).
Our dietary independent variables are average energy availability and the share of energy derived from protein. Energy availability never had a significant effect on height in any sample, and only once did it appear to affect weight (for young urban Chinese males). We agree that these findings "are not of practical significance" (Bhargava), but the inclusion of energy required us to specify protein intake relative to energy rather than in absolute amounts, and this treatment of the variables is essential to any conclusion about the effect of protein on heights. Just as we studied the entire distribution of adult heights and weights, we looked at the entire distribution of the dietary variables, without considering whether the average absolute protein intake was adequate or not, or whether there was any "protein gap" (Allen) . In any case, we do not know who actually ate what or how much; again, that makes it the more significant that we find strong associations among averages.
As noted, we expressly assumed, in the analysis of rural China, that dietary patterns had been relatively stable since the time the subjects were children. Weisell et al. regard this assumption as "a serious problem," since "nowhere else have there been such dramatic changes in food intakes" in recent decades. But if the Chinese now eat much more meat, total protein, and fat than two or three decades ago, it is even more remarkable that adult heights are so strongly related to current protein availability. This is less surprising in the case of urban China, since the adults range in age only from 18 to 25. Their current consumption is therefore probably very similar to that in adolescence, and perhaps even to that in early childhood. The results for rural China, however, include adults of all ages, so dietary changes in recent decades have occurred well after adolescence for some subjects and might be expected to have no effect on stature.
Granted that there are surprisingly strong and consistent relations between adult heights (and weights, in China) and the share of energy derived from protein, is the protein itself the cause, or is it only an indicator of dietary quality? Waterlow accepts the conclusion "that the protein intake is a critical factor in determining stature," which he finds consistent with other studies. Steckel similarly believes, on the basis of his own research, that protein is important, partly because of catch-up growth, although it can hardly be the only thing that matters. The other commentators variously suggest that "it is arguably more likely that the associations between dietary intake and adult height were caused by micronutrient deficiencies" (Allen) , that "the current protein intakes related to better stature may be a proxy for a wide range of nutritional and non-nutritional determinants… [and] may also mean higher intakes of zinc and iron" (Weisell et al.), or that our findings "may not necessarily reflect an effect of protein per se, because other indicators of quality, such as micronutrients, covary with protein" (Martorell). Bhargava notes the potential importance of calcium and its higher correlation with animal protein, especially from milk, than with protein in general.
As some of the commentators recognize, we have expressly considered that "micronutrient deficiencies that can cause growth failure without causing specific signs of disease" may contribute to our findings. In the absence of more detailed data on dietary composition, it is impossible to be certain that all of the effect is due to protein. However, we think it is quite implausible that protein by itself accounts for little or none of the effect we see. And we note that a measure of income is included in each of our analyses, and only once-for urban male Chinese heights-does it appear to be significant. Even if income is only loosely associated with "the public health environment, quality and quantity of medical care, levels of education" and other plausible determinants (Steckel), it is striking that none of these show any effect via income. If something besides protein accounts for our results, it is probably other characteristics of the diet rather than non-nutritional factors.
We would like to make three observations in conclusion. One is that the revealed preference of human beings for more protein and more varied diets, once their energy needs are satisfied, makes excellent nutritional sense and is associated with greater stature and the health benefits that come with it. People everywhere tend to pursue better-quality diets and show appreciably higher income elasticities for protein than for calories, even if they are poor and even if they do not know what is in the food they eat. Animal protein shows an even stronger relation to income than protein from vegetable sources, and animal protein may be "a better indicator of diet quality" (Bhargava). A second observation is that the nutrition research community does not yet know enough about the influence of specific nutrients on growth. Data such as we have used here do not allow us to separate the contribution of protein from that of micronutrients or other components, such as fat and fiber. What is known about the importance of micronutrients to growth is tantalizing, but there is need for considerably more research on the actual content of diets and the contribution of different components to stature and health. Such research needs to draw on longitudinal observations of diet, as Bhargava suggests, and to take account of interactions among nutrients. As Steckel indicates, it is also important to understand why protein intake appears to have more effect when comparisons are made within relatively homogeneous populations with little variation in adult height (our two Chinese samples) than when comparisons are made between more heterogeneous populations with much more variation both in height and in its possible determinants.
Only better knowledge can support more detailed policy recommendations than the simple conclusion that protein, and whatever is associated with it but not markedly correlated with energy intake, is crucial. Finally, we observe that better understanding of what exactly accounts for increased height and weight has important implications not only for dietary advice but also for agricultural policy and for efforts to reduce or mitigate poverty. In particular, as Steckel says, "If insufficient protein is the major factor limiting physical growth and human health, then resources should be diverted from other uses to increasing its intake." If it is not the major factor, it is surely urgent to discover what factor(s) are essential.
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